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At a clinic in Indianapolis, Indiana, USA, we observed an
increase in Neisseria gonorrhoeae—negative men with
suspected gonococcal urethritis who had urethral cultures
positive for N. meningitidis. We describe genomes of 2 of
these N. meningitidfiis sequence type 11 complex urethritis
isolates. Clinical evidence suggests these isolates may rep-
resent an emerging urethrotropic clade.

eisseria meningitidis and N. gonorrhoeae are exclusive

human pathogens. N. meningitidis is a leading cause of
sepsis and meningitis, whereas N. gonorrhoeae (gonococcus)
traditionally causes gonorrhea, a sexually transmitted infection
involving the genitals, rectum, and throat. These species usu-
ally occupy distinct niches but may cause reciprocal diseases
when N. meningitidis colonizes the anogenital tract or gono-
coccus colonizes oropharyngeal mucous membranes (7,2).

Sporadic cases of meningococcal urethritis have been
reported since the 1930s (3). It was recognized by the
1970s that urethral N. meningitidis infections could be
spread by oral sex and were more common in men who
have sex with men (4). Most N. meningitidis urethritis
cases identified before 1993 were caused by strains from
serogroups A and B (), but outbreaks involving other se-
rogroups and nontypeable strains have been reported (6—
10). These cases have typically presented with purulent
urethritis or proctitis with gram-negative intracellular dip-
lococci (GNID) identified by Gram stain of urethral exu-
dates. The current prevalence of meningococcal urethritis
is unknown in the United States but was thought to be
low (4). However, a recent spike in heterosexual N. men-
ingitidis urethritis cases beginning in 2013 in Ohio and
Michigan, reported by Bazan et al. in association with the
Gonococcal Isolate Surveillance Project, was linked to a
nongroupable clonal N. meningitidis strain (sequence type
11 [ST11], clonal complex [CC] ET-37) (/7). Whether
N. meningitidis ST11 strains are common causes of non-
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gonococcal urethritis or if these strains have adaptations
that enhance their virulence for the urethra is unknown
because genomes of urethral N. meningitidis isolates have
not been previously reported.

Beginning in early 2015, we observed that 4 (6%) of
59 men we enrolled in gonococcus treatment trials in our
clinic in Indianapolis, Indiana, USA, and who had urethral
specimens that were positive on Gram stain tested nega-
tive for gonococcus by specific nucleic acid amplification
tests (NAATS). Sugar fermentation reaction profiles of the
isolates from all 4 of these men suggested that they were in-
fected with N. meningitidis. We describe the recent epide-
miology of these suspected N. meningitidis urethritis cases
and the genomes of 2 of these N. meningitidis isolates.

The Study
We enrolled 59 men (age range 20-61 years, median age
31 years) in 3 gonoccocal treatment trials from April 2014
through February 2016 at the Bell Flower Clinic, a public
sexually transmitted infections clinic, in Indianapolis, Mar-
ion County, Indiana. All of these men had purulent urethral
discharge with >10 leukocytes and GNID on Gram stains of
urethral exudate. However, 4 men tested negative for gono-
coccus with specific NAATs (APTIMA Combo 2, Gen-
Probe Inc., San Diego, CA, USA; or COBAS 4800, Roche
Diagnostics, Indianapolis, IN, USA). All 4 men reported
recent vaginal and oral sexual exposures. Urethral cultures
yielded growth with colony morphology, oxidase, and Gram
stain results consistent with gonococcus, but the isolates fer-
mented glucose and maltose but not lactose, consistent with
N. meningitidis. A pharyngeal swab from 1 of these men also
grew N. meningitidis, whereas rectal swab specimens from
all 4 were culture negative. All 4 cases responded to inves-
tigational gonococcal antibiotic regimens and were culture
plus NAAT negative by test of cure assessed at day 7 post-
treatment. Two of these isolates (NM1 and NM?2), which
were susceptible to ampicillin, ceftriaxone, chlorampheni-
col, levofloxacin and meropenem, were subcultured and con-
firmed to be N. meningitidis by matrix-assisted laser desorp-
tion/ionization time-of-flight mass spectrometry.
Whole-genome sequencing of NM1 and NM2 (on-
line Technical Appendix, http://wwwnc.cdc.gov/EID/
article/23/2/16-1434-Techapp1.pdf) revealed that these 2 iso-
lates closely resembled strains of ST11 and CC11, with fine
type PorA VR 1.5-1, PorA2 10-8; FetA3—-6 ST11 (CC11).
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Figure. Rooted phylogenetic tree of
Neisseria meningitidis sequence type 11
urethral isolates from men in Indianapolis,
Indiana, USA, 2015-2016, compared with
representative serogroup strains of N.
meningitidis. Tree was inferred by using the
neighbor-joining method constructed with
MEGAY7 (13). The percentage of replicate
trees in which the associated taxa clustered
together in 500 bootstrap tests is indicated
next to the branches. The tree is drawn to
scale, and branch lengths correspond to
evolutionary distances used to infer the
phylogenetic tree. Arrow indicates urethritis
strains NM1 and NM2. GC strain FA1090
was used as the outgroup. Scale bar
indicates nucleotide substitutions per site.
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Phylogenetic analysis indicated that NM1 and NM2 likely
share a common ancestor with NM L93/4286, a serogroup
C invasive strain from the United Kingdom (/2). A rooted
tree constructed by the neighbor-joining method indicated
that NM1 and NM2 are closely related to N. meningitidis
serogroup C strain, FAM18 (Figure) (/3). Gene-to-gene
comparison with FAM18 loci revealed that 29 out of 1,975
loci were missing in >1 of the urethral isolates, although 24
of these were near the end of a contig in either NM 1 or NM2.
Of the remaining loci, 1,075 (56%) were identical in all three
strains, and 1,848 (96%) were identical in NM1 and NM2.
The capsule locus encompasses =24 kb in most NM
isolates and contains genes that mediate capsule synthesis,
transport, assembly and translocation, as well as LPS syn-
thesis. NM1 and NM2 lack cssC, cssB, and css4 (former
designation siaC, siaB, and siaC [14]), whereas these are in-

tactin NM FAM18 and MC58 (online Technical Appendix).
Our analysis indicated that these genes are highly conserved
in diverse isolates from N. meningitidis serogroups B, C, W,
and Y, but are also absent in gonococcal strain FA1090.

To estimate the prevalence of presumptive NM ure-
thritis at BFC, we retrospectively examined 107 cases
from men seen between 2013 and 2016 who had Gram
stain results positive for WBCs and GNID but who had
negative GC NAATSs. Rates of negative GC NAATSs
among men with positive Gram stains were 12/436
(2.8%) in 2013, 8/552 (1.4%) in 2014, 37/533 (6.9%) in
2015, and 50/510 (9.8%) in the first 3 quarters of 2016,
indicating a significant increase in these cases during the
study interval by both a y? test (p<0.0001) comparing
the 4 years and the Mantel-Haenszel test for a trend over
time (p = 0.005). Analysis of cases before 2013 was not

Table. Characteristics of 87 men with presumed urethral Neisseria meningitidis infection seen at the Bell Flower Clinic, Indianapolis,

Indiana, USA, January 1, 2015-September 30, 2016*

No. (%) persons

Characteristic 2015 2016
Race

White 6 (16) 5(10)

Black 29 (78) 45 (90)

Other 2 (5) 0
Ethnicity

Non-Hispanic 35 (95) 50 (100)

Hispanic 2(5) 0
Self-identified sexual orientation

Heterosexual 34 (92) 48 (96)

Homosexual 2 (5) 1(2)

Bisexual 1(3) 0
Modes of sexual contactt

Insertive vaginal intercourse 33 (89) 45 (90)

Insertive oral sex 35 (95) 44 (88)

Receptive oral sex 19 (51) 33 (66)

Insertive anal intercourse 1(3) 1(2)

Receptive anal intercourse 1(3) 1(2)
Symptoms

Discharge 35 (95) 49 (98)

Dysuria 2 (5) 0

Discharge/dysuria 37 (100) 49 (98)

No discharge/dysuria 0 12t
Most recent HIV status

Negative, documented or self-reported 32 (86) 45 (90)

Not tested and unknown 5 (14) 5(10)
Exchange sex for drugs or money

Yes 2 (5) 0

No 33 (89) 49 (98)

Unknown 2 (6) 1(2)
Noninjection recreational drug use, excluding alcohol, preceding 60 d

Yes 17 (46) 31 (62)

No 18 (49) 19 (38)

Unknown 2(5) 0
Treatment provided

Ceftriaxone plus azithromycin 34 (92) 49 (98)

Ceftriaxone plus doxycycline 1) 0

Other 2(5) 1(2)
Urethral coinfection with Chlamydia trachomatis by NAAT

Positive 6 (16) 8 (16)

Negative 31 (84) 42 (84)

*NAATS, nucleic acid amplification tests.
1One man had none.
tHad irritated meatus.
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possible because of the lack of discrimination in the
NAAT used at the clinic.

Similar to the case-patients recently reported from
Ohio and Michigan (/7), our 37 case-patients in 2015 had
an average age of 32 (range 20—61) years and were symp-
tomatic with either discharge (n = 35) or dysuria (n =2) and
predominantly heterosexual (n = 34) (Table). Most received
oral sex (n = 35) and were HIV negative (n = 32/32 tested).

Conclusions

Together, our results and those of Bazan (/5) suggest that
N. meningitidis ST11 could be a notable emerging cause of
nongonococcal urethritis; more extensive sequencing and
comparisons of recent N. meningitidis ST11 isolates from
around the United States are underway. However, our results
support the observation that both the rates and geographic
distribution of N. meningitidis—associated urethritis cases in
the United States are increasing. Sequencing additional iso-
lates should clarify whether these isolates correspond to an
emerging urethrotropic clade of N. meningitidis. Retrospec-
tive comparisons of NAAT-negative, GNID-positive ure-
thritis case rates might also help discern whether these cases
have been increasing elsewhere. As fewer clinics perform
routine Gram staining, a serious concern is that infections
with urethral discharge, coupled with a negative gonococcus-
specific NAAT, could be misdiagnosed as a Chlamydia or
Trichomonas infection. We speculate that an increased num-
ber of N. meningitidis cases may occur if we limit our clinical
diagnoses solely on the results of current diagnostic meth-
ods, thereby causing asymptomatic cases to go untreated.
Therefore, continued investigation into diagnostic methods
targeting urethral specific N. meningitidis isolates is pressing,
to control the transmission of sexually transmitted N. menin-
gitidis. Finally, we note that because the meningococcal ctr4
gene is highly conserved in NM1 and NM2, they should be
able to be differentiated from gonococcus by using meningo-
coccal ctrA reverse transcription PCR assays (15).
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Technical Appendix

Additional Methods

Genomes of NM1 and NM2 were paired-end 250-bp sequenced on an Illumina MiSeq,
generating a range of 0.67 to 0.75 million reads, yielding ~600X coverage. The genomes were
assembled using SPAdes (1), resulting in assemblies consisting of 147 to 174 contigs, and were
ordered against the genome of N. meningitidis strain MC58 using Mauve Contig Mover (2),
yielding draft genomes of ~2.14 Mb [GenBank accession nos: (NM1) LXLAO00000000, (NM2)
LXLB00000000], and an average gonococcal content of 51.7%. RAST (3) annotated 2,727
features, including protein-encoding genes and RNAs, and annotation using default multilocus
sequence typing (MLST) (fetA, fHbp, penA, porA, porB, nhba, nadA), ribosomal MLST, and
core-genome MLST schemes (4), all indicated that the 2 genomes were from closely-related
strains in the ST11 complex, with fine type PorA VR 1.5-1, PorA2 10-8; ST11 (CC11) (5). Both
NM1 and NM2 had the same PorB type as NM serogroup C strain FAM18 (FAM 18) (6), but
different FetA F3-6, fHbp, and nhba types (7-9). These genomes also contained the penA allele
316, rpoB allele 8, and gyrA allele 4. ResFinder (10) identified no additional acquired
antimicrobial resistance genes which was consistent with antimicrobial susceptibility testing

results (data not shown).

The capsule polysaccharide structures of meningococci dictate the serogroup identity of
individual N. meningitidis strains. We compared the FAM18, NM1, and NM2 capsule gene
clusters, and found that both NM1 and NM2 were missing three genes, cssC, ¢ssB, and cssA,
(formerly siaC, siaB, siaA), which are responsible for cytidine-5-monophosphate-N-
acetylneuraminic acid synthesis, a sialic acid derivative. However, the ctrG gene of both NM1

and NM2, which encodes an essential protein involved in enabling the correct expression of
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sialic acid polysaccharides, and surface translocation of sialic capsules, was intact (Technical

Appendix Figure).
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Technical Appendix Figure. Gene neighborhoods for capsule gene clusters of reference strain Neisseria
meningitidis serogroup C FAM18 and urethral strains NM1 and NM2. Gene synteny is observed within

much of the capsule gene cluster, except that the cssA-C genes are missing in NM1 and NM2.
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